Introduction
The mitigation scenario for CO 2 emissions is mainly based on the efficient energy use, the substitution of fossil fuels by renewable energy sources, as well as in the improvement/development of carbon capture and storage (CCS) technologies. The major drawbacks for carbon dioxide reinjection in geological sites are largely related to the involved energy penalty leading to high costs.
The carbon capture and utilization (CCU) concept has recently emerged, where captured CO 2 is not considered a waste but rather a C1 building block for various chemicals 1 , thus demanding the development of new processes and materials that can perform both carbon capture and chemical conversion. Since organic carbonates can be used for various purposes, such as polar aprotic solvents, intermediates in organic synthesis, monomers for polycarbonate synthesis, among others 2 , cyclic carbonates appeared as one of the important choices for CO 2 utilization from its cycloaddition to epoxides. The use of ionic liquids (ILs) as solvents in processes for CO 2 separation from flue gas is well described in the literature [3] [4] [5] [6] as well as their use as catalyst for CO 2 conversion into cyclic carbonates [7] [8] [9] [10] . The synergistic effects of ionic liquids as catalysts for CO 2 cycloaddition to epoxides has been recently reviewed 11 and Sun and Zhang has demonstrated the role of Cl -anion as a nucleophilic agent, by a density functional theory study, when ionic liquids are used as catalysts for this reaction. 12 Nevertheless, there are still some technological challenges for the adoption of ILs in CCS and CCU technologies, specially related to the typical high viscosities presented by ILs. The integration of ionic liquids into solid matrices appears as a promising solution for this trouble, as heterogeneous systems are cheaper, more suitable for reactors design and separation steps. This alternative also retains the advantages of ILs, as green solvents due to the low vapor pressure, high chemical and thermal stability and recyclability. 13 The solids commonly used in CO 2 capture are zeolites, activated carbon (ACs) 14 , carbon molecular sieves (CMS) 15 , metal-organic frameworks (MOFs) 16 , mesoporous silicas, polymeric or inorganic membranes 15 and currently mixed matrix membranes with the incorporation of zeolites in polymeric membranes. 
Results and discussion

Catalyst/sorbent characterization
The IL modified MCM-41 materials were characterized and submitted to the CO 2 sorption tests as well as to the catalytic reactions aiming to obtain cyclic carbonates. The obtained samples were denominated according to the IL content and the anion present as described in Table 1 .
The infrared spectrum of the MCM-41 presents a wide band at 3322 Figure S1 . The N 2 adsorption-desorption isotherms of all samples are type IV according to the IUPAC classification for adsorption isotherms 29 indicating the presence of mesoporousity ESI †, Figure S2 . 28, 30 Table   2 shows the physical characterization of the studied adsorbents. The data demonstrates that the surface area of MCM-41 decreases around 70 % when the IL (MeO) 3 SipmimCl was immobilized.
When the anion exchange was performed this effect was even more important reaching a surface area value of 9.39 m 2 /g to ILBF 4 M50.
These results evidenced that the IL covers the surface of the mesoporous MCM-41 materials and probably covers the material pores since its pore volume also decreases in the same order (approx. 66 % when incorporating ILClM50 and over 90 % for ILBF 4 M50). 
Cycloaddition reactions
Regarding the CO 2 cycloaddition reactions, they were carried out by using synthesized materials; the reaction temperature and the use of ZnBr 2 as co-catalyst were evaluated. Table 3 presents the results for the cycloaddition reactions using the precursors MCM-41 and the neat IL (MeO) 3 SipmimCl as well as the modified MCM-41 materials with ILs with different anions. As it can be observed in The influence of the IL content was also evaluated and both the conversion and selectivity decreased with the increasing of the IL content (see entry 6, 7 and 10, 11).
The catalyst recyclability was evaluated, as highlighted in Figure 3 , and the conversion was slightly increased in the first two recycles probably due to the impurities withdrawal. After the fifth cycle a small conversion decrease is observed. presented better performance probably due to the effect of the higher surface area. The anion also plays an important role 10 The PM7-MD trajectory was recorded during 50 ps, out of which the first 20 ps were regarded as equilibriation and the remaining 30ps were regarded as an equilibrium thermal motion at 300 K. The immediate molecular configuration corresponding to free energy minimum at 300 K. Prior to taking this molecular snapshot, the ion-molecular system has been simulated during 30 ps with an integration time-step of 1.0 fs. White squares indicate principal interaction pattern in the considered system: chloride-CO 2 binding and CO 2 -SiO 2 binding at finite temperature conditions. Chloride anions are yellow; oxygen and carbon atoms of CO 2 are red and green; oxygen and silicon atoms of SiO 2 are blue and purple. Note that the imidazolium-based cation (displayed as wires) poorly participates both in the CO 2 capture (despite their intrinsically acidic hydrogen atom) and the adsorption on the SiO 2 surface.
Based on the experimental data and numerical simulations, 
Ionic Liquid Synthesis
1-methyl-3-(3-trimethoxysilylpropyl)imidazolium chloride was synthesized by the reaction of 1-methylimidazole with 3-chloropropyl trimethoxysilane (molar ratio 1:1.5) under reflux in toluene and nitrogen atmosphere for 48 h, following literature. [43] [44] [45] [46] After that, the reaction mixture was cooled down to room temperature and the organic upper phase separated. 
Characterization
The FTIR spectra were collected on a Perkin-Elmer Spectrum 100 spectrometer in KBr pellet form. Thermal analyses were performed on TA Instrument equipment, model Q600 SDT.
The TGA analyses were recorded ranging from room temperature to 
Cycloaddition reactions
The syntheses of propylene carbonate (PC) from CO 2 The volume of the adsorbed phase V ୟୢୱ has to be taken into account in the buoyancy correction for determination of absolute gas adsorption. In this paper the density of the adsorbed phase ρ ୟୢୱ was assumed to be the density of liquid CO 2 in a reference state (boiling point at 1 atm) and the V ୟୢୱ was obtained by dividing the adsorbed mass, ݉ ௗ௦ by the density of the adsorbed phase, ρ ୟୢୱ . Further details on data handling from the adsorption isotherms measured may be found in literature.
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Conclusions
We have shown that IL with [Cl -] anion supported in MCM-41 works as an efficient CO 2 sorbent and catalyst for CO 2 transformation. These materials present a good thermal stability and when applied as catalyst can easily be separated from the reaction medium. For CO 2 sorption appears as an alternative to the use of liquid solvents. Another point to emphasize is that unlike ILs the solid material
